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Within the resonance chiral theory (RχT), we have studied the process of a tau lepton decaying into a
vector resonance plus a pseudo-Goldstone meson and a tau neutrino. Two kinds of processes are discussed:
(a) τ− → (ρ0pi−, ωpi−, φpi−,K∗0K−)ντ , belonging to ∆S = 0 processes and (b) ∆S = 1 processes, such as
τ− → (ρ0K−, ωK−, φK−,K
∗0
pi−)ντ . To fit the τ
− → ωpi−ντ spectral function and the decay distribution of
τ− → ωK−ντ to get unknown resonance couplings, we then make a prediction for branching ratios of all channels.
1. Introduction
Due to its clean background, τ decay can pro-
vide an excellent environment to study the non-
perturbative dynamics of QCD. In these decays,
the intermediate resonances may play an im-
portant role. Moreover, due to the improve-
ment of statistically significant measurements,
the branching ratios and spectral functions of the
processes containing resonances in the final states
of τ decays have also been determined in recent
experiments [1][2][3][4][5]. Motivated by the new
measurements, we perform the study of tau de-
caying into a resonance plus a pseudo-Goldstone
meson and a tau neutrino in this work.
Combining the SU(3)L × SU(3)R chiral sym-
metry, that drives the interaction of pseudo-
Goldstone mesons resulting from the sponta-
neous chiral symmetry breaking of QCD and the
SU(3)V symmetry for the resonance multiplets,
the resonance chiral lagrangians consisting of spe-
cific number of resonance multiplets have been
written down in [6][7]. To build a more real-
istic QCD-like effective theory, large-NC tech-
niques and short-distance constraints from QCD
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have been implemented into the resonance ef-
fective theory to constraint resonance couplings
[8][9][10][11]. Therefore, resonance chiral effective
theory can be a perfect tool to study hadronic τ
decays. Indeed it has already been employed in
the studies of τ → πKντ [12], τ → πππντ [13]
and τ → KKπντ [14].
In Ref.[15], we have made a comprehen-
sive analysis for tau decaying into a vec-
tor resonance plus a pseudo-Goldstone meson
and a tau neutrino: (a) ∆S = 0 processes,
such as τ− → (ρ0π−, ωπ−, φπ−,K∗0K−)ντ
and (b) ∆S = 1 processes, like τ− →
(ρ0K−, ωK−, φK−,K∗0π−)ντ , in the frame of
RχT. The main results will be presented in this
paper.
2. Theoretical frame for tau decays
The amplitude for τ−(p)→ P−(p1)V (p2)ντ (q),
where P− can be π−,K− and V can be
ρ0, ω, φ,K∗0, K¯∗0, has the general structure
−GFVuQuντ (q)γ
µ(1− γ5)uτ (p)
×ǫ∗νV (p2)
[
v εµνρσp
ρ
1p
σ
2
−(a1gµν + a2p1µp1ν + a3p2µp1ν)
]
, (1)
where GF is the Fermi constant; VuQ is the CKM
matrix element; εµνρσ is the anti-symmetric Levi-
Civita` tensor; ǫ∗µV (p2) is the polarization vector
for the vector resonance; v denotes the form fac-
tor of the vector current and a1, a2, a3 are the
corresponding axial-vector form factors.
1
2The form factors in Eq.(1) will be calculated
within RχT. The relevant RχT lagrangian that
we will use in this paper is
LRχT =
F 2
4
〈uµu
µ + χ+〉+ L
kin(V,A) + L2V,A
+LV V P + LV JP + LV AP ++LV V1P , (2)
where the first term is the leading order opera-
tors of the chiral perturbation theory [16]; the an-
tisymmetric tensor formalism will be used to de-
scribe the vector and axial-vector resonances; the
kinematics terms Lkin(V,A) and the operators
only containing one multiplet of resonances L2V,A
can be found in [6]; the operators containing two
resonance multiplets: LV V P ,LV JP ,LV AP , can
be found in [10][11]; the interaction terms be-
tween the lowest vector multiplet V and the heav-
ier multiplet V1 can be found in [17]. The SU(3)
matrices for vector and axial-vector resonances
are given by
V =
( ρ0√
2
+
ω8√
6
+
ω1√
3
ρ+ K∗+
ρ− − ρ0√
2
+
ω8√
6
+
ω1√
3
K∗0
K∗− K∗0 − 2ω8√
6
+
ω1√
3
)
,
A =


a0
1√
2
+
f8
1√
6
+
f1
1√
3
a
+
1
K
+
1A
a
−
1
−
a0
1√
2
+
f8
1√
6
+
f1
1√
3
K0
1A
K
−
1A
K
0
1A −
2f8
1√
6
+
f1
1√
3

 ,
and K1A is related to the physical states
K1(1270),K1(1400) through:
K1A = cos θ K1(1400) + sin θ K1(1270) . (3)
About the discussion on the nature of K1(1270)
andK1(1400), one can see [18] for details. For the
vector resonances ω and φ, we assume the ideal
mixing for them throughout:
ω1 =
√
2
3
ω −
√
1
3
φ, ω8 =
√
2
3
φ+
√
1
3
ω . (4)
The corresponding Feynman diagrams con-
tributed to the form factors v, a1, a2, a3 in the
process of τ−(p) → K−(p1)ρ
0(p2)ντ (q) are given
in Fig.(1) and Fig.(2).
The explicit expressions for the form factors
v, a1, a2, a3 of τ
−(p) → K−(p1)ρ
0(p2)ντ (q) can
be found in [15]. The corresponding form factors
of other channels are quite similar to the ones of
τ(p) ρ0(p2)
K−(p1)
K∗−
ντ (q)
τ(p) ρ0(p2)
K−(p1)ντ(q)
Figure 1. Diagrams appearing in the vector cur-
rent of τ−(p)→ K−(p1)ρ
0(P2)ντ (q).
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Figure 2. Diagrams appearing in the axial-vector
current of τ−(p)→ K−(p1)ρ
0(P2)ντ (q).
τ−(p)→ K−(p1)ρ
0(p2)ντ (q) and one can find the
explicit expressions in the Appendix of [15].
Since most of the intermediate resonances have
wide decay widths, the off-shell widths of these
resonances may play an important role in the dy-
namics of τ decays. To introduce the finite decay
widths for the resonances implies that the correc-
tions from the next-to-leading order of 1/NC ex-
pansion are taken account into our game. This is-
sue has been discussed in [19] for the decay width
of ρ(770) and we take the result of that article
Γρ(s) =
sMV
96piF 2
[
σ
3
piθ(s− 4m
2
pi) +
1
2
σ
3
Kθ(s− 4m
2
K)
]
,
where σP =
√
1− 4m2P /s and θ(s) is the step
function. About the energy dependent widths for
ρ′,K∗,K∗′,K1(1270),K1(1400), a1(1260), we fol-
low the way introduced in [12] to construct them
3Exp. One multiplet Fit 1 Fit 2
B(τ− → ρ0π−ντ ) — 8.1× 10
−2 9.4× 10−2 8.1× 10−2
B(τ− → ωπ−ντ ) (1.95± 0.08)× 10
−2 0.17× 10−2 2.1× 10−2 2.1× 10−2
B(τ− → K∗0K−ντ ) (2.1± 0.4)× 10
−3 1.4× 10−3 1.5× 10−3 1.5× 10−3
Table 1
Branching ratios for ∆S = 0 processes. The second column denotes experimental values, which are taken from
[1]. The values from the third column to the fifth column denote our predictions under different assumptions:
only including the lowest multiplet, the fitting results with λ′ = 0.455, λ′′ = −0.0938, λ0 = 0.0904 (Fit 1) and
the fitting results with λ′ = 0.5, λ′′ = 0, λ0 = 0.125 (Fit 2) . It is interesting to notice that a recently reported
number: B(τ− → K∗0K−ντ ) = (1.56± 0.02 ± 0.09) × 10
−3 [20], is highly consistent with our predictions.
Exp One multiplet Fit 1 Fit 2
B(τ− → ρ0K−ντ ) (1.6± 0.6)× 10
−3 3.9× 10−4 4.7× 10−4 3.5× 10−4
B(τ− → ωK−ντ ) (4.1± 0.9)× 10
−4 3.5× 10−4 4.0× 10−4 3.0× 10−4
B(τ− → φK−ντ ) (4.05 ± 0.36) × 10−5(Belle) 1.7× 10
−5 1.8× 10−5 1.6× 10−5
(3.39 ± 0.34)× 10−5(BaBar)
B(τ− → K
∗0
π−ντ ) (2.2± 0.5)× 10
−3 3.3× 10−3 5.1× 10−3 4.0× 10−3
Table 2
Branching ratios for ∆S = 1 processes. The meaning of numbers in different columns is the same to Table 1. The
experimental values for φK− are taken from [4] and [5]. The remaining experimental data is taken from [1].
and the explicit formulae can be found in [15].
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Figure 3. Spectral function for τ− → ωπ−ντ .
The experimental data are taken from [2].
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Figure 4. Invariant mass distribution for ωK− in
the process of τ− → ωK−ντ . The experimental
data are taken from [3].
3. Phenomenological discussion
Although some related resonance couplings can
be fixed by imposing QCD short distance con-
straints [10][11][15], we still have 5 free parame-
ters: d3, a resonance coupling related to the low-
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Figure 5. Predicted invariant mass distribution
for φK− in the process of τ− → φK−ντ . The
experimental data are taken from [4], where only
the data up to mφK = 1.75 GeV are quoted in
the plot.
est vector multiplet; dm, dM , ds, the couplings for
the excited vector multiplet V1; the mixing angle
θ, a parameter for the axial-vector resonances de-
fined in Eq.(3). We fit the 5 parameters using the
τ− → ωπ−ντ spectral function and the invariant
mass distribution of ωK system in the process
of τ− → ωK−ντ . To test the stability, we take
two sets of values for the axial- vector resonance
couplings λi [15] in the fit.
Our fitting result for θ, defined in Eq.(3), is
|θ| = 58.1+8.4
−7.3 degrees, which is consistent with
|θ| = 37o and 58o recently determined also in
τ decays [21]. The predictions for branching ra-
tios we get are summarized in Table 1 and Table
2. In case of the one multiplet, we take the val-
ues of resonance couplings from [10][11]. For the
other cases, we use the fitting results presented in
[15]. Comparison of the figures we have obtained
for the τ− → ωπ−ντ spectral function and the
invariant mass distributions for ωK−, φK− be-
tween the experimental data are given in Fig.(3-
5) respectively. Although different choices for λi
affect the branching ratios, the invariant mass dis-
tributions are barely influenced. So we only plot
the figures with λ′ = 0.5, λ′′ = 0, λ0 = 0.125.
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